1 The two-dimensional mathematical model for carbon monoxide ( СО) oxidation on the platinum (Pt) catalyst surface is investigated according to the LangmuirHinshelwood (LH) mechanism. The effects of structural changes of the catalytic surface and the substrate temperature are taken into account. It is shown that when twodimensionality and structural changes are accounted for, both the dynamics of oxidation process and the stability region change.
Introduction
One of the mechanisms of catalytic carbon monoxide oxidation on platinum is the classical LangmuirHinshelwood (LH) mechanism [1] . In the LH mechanism the two reacting species CO and oxygen have to adsorb on the catalytic surface before the reaction takes place: adsads COOCO +→+ where "*" denotes an empty adsorption site on the catalytic surface and the subscript "ads" denotes an adsorbed state of respective species.
Oxygen desorption is neglected because it is very unlikely to occur in the range of temperatures at which experiments are conducted [2] . Since diffusion coefficient of adsorbed oxygen is 3-4 orders of magnitude smaller than CO diffusion coefficient [3] , adsorbed oxygen is considered to be immobile.
The processes of surface reconstruction of the catalyst atoms play a crucial role in heterogeneous catalysis. The clean Pt(110) surface has a (1×2) structure [4] . During the reaction oxygen and carbon monoxide adsorb on the Pt surface. If CO coverage exceeds specific critical value the surface reconstructs into (1×1) bulk structure [5] . When oxygen and CO react, carbon dioxide is formed, and the surface returns to its initial configuration. Such structural changes influence the rates of other elementary oxidation processes, therefore, it should be taken into account when developing a mathematical model of reaction.
For the temperature ~500 K further structural changes of the Pt(110) surface are observed for ongoing reaction, namely, the formation of new crystal planes (faceting) [6] . It substantially changes the adsorption properties of the crystal, in particular with respect to oxygen.
For thin plate catalysts the heat generated in the chemical processes may dynamically change the temperature T of the catalyst surface. Even small changes of T may alter the CO oxidation dynamics dramatically. It is therefore also relevant to analyze the heat balance conditions which make it possible to understand the characteristic time and space scales of the temperature field that may influence the chemical reaction.
In the present paper a new kinetic model for the description of time dynamics of СО oxidation on Pt(110) surface is developed. The effect of two-dimensionality, faceting and temperature on the dynamics of the reaction is investigated.
Theory
We consider a model for catalytic CO oxidation that accounts for diffusion of molecules of CO on Pt(110) surface. Unlike existing models [6, 7] , the catalytic surface is assumed to be flat with a given Cartesian coordinate system XOY. The time evolution of CO (u ) and O ( v ) surface coverages are determined by the following kinetic equations [8] :
( ) and y directions, respectively. The factor 3 q = models the asymmetric inhibition of CO and O 2 adsorption since the adsorbed CO blocks oxygen adsorption stronger [9] .
The structural phase transition (1×2)↔(1×1) on the Pt(110) surface is modeled by the following equation [10] :
where variable W denotes the fraction of the surface in the non-reconstructed structure (surface of type (1×1)); () fuis a non-decreasing smooth function of the interval [0;1]; coefficient ph k is a rate of structural phase transition.
The function () fuis modeled [7] :
where parameter 0 u determines the threshold value above which adsorbed CO molecules significantly influence the structure of the surface and u δ is the steepness of this threshold.
The oxygen sticking coefficient v s is modified in Eq. (2) and can be rewritten as a linear combination of the values for the (1×2) and (1×1) structures:
(1)(2) (1)
where ( The degree of faceting Z is a consequence of a competition between the formation of facets, with the free energy of the reaction as a driving force, and thermal annealing, for which the flat surface is thermodynamically favored. It is modeled by the following equation [6] :
where f k and t k are the rates of facet formation and thermal annealing, respectively. The oxygen sticking coefficient v s is significantly enhanced on a faceted surface, so (5) is modified: (1) (2)(3) (1)
where
The rates of the reaction, desorption, phase transition and thermal annealing are dependent on temperature T and are determined by the Arrhenius equations [12] : 0 exp(/) kkERT =−
where 0 k is the temperature independent coefficient; E is the activation energy; R is the universal gas constant. The effect of the existing near-surface electric field on activation energies was investigated in papers [13, 14] . It was shown there that the effect of near-surface electric fields can be neglected.
Eqs. (1)- (3), (6), (7) compose proposed a twodimensional mathematical model for CO oxidation process on the platinum catalyst surface.
Results and Discussions
For numerical analysis Eqs. (1)- (3), (6), (7) are transformed into dimensionless form by substituting: 
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In dimensionless form Eqs. (1)- (3), (6), (7) 
(1) Pа, p v = 8.53·10 -3 Pа and certain value of coordinate y = 0.5 The oscillatory character has a strong dependency on the initial values of the partial pressures u p and v p . A comparison of stability regions (oscillatory behaviors) for model (13) and one-dimensional model [16] and twodimensional model without taking an equation for faceting into account [8] is depicted in Fig. 3 . It can be seen that the stability region for reaction of CO oxidation on the catalyst surface in two-dimensional case is narrower than the stability region for the one-dimensional model and shifts to the region of small CO and O 2 partial pressures.
Conclusions
In the present paper the two-dimensional mathematical model for carbon monoxide oxidation according to the Langmuir-Hinshelwood mechanism is developed and investigated. It is shown that when faceting and two-dimensionality of the catalyst surface are accounted for, the stability region of CO oxidation reaction changes. The reaction of CO oxidation on Ptcatalyst surface has an oscillating character in the stability region. Moreover mixed mode oscillations are obtained, which could not be predicted by the one-dimensional model [16] when equation for degree of faceting is not accounted for [6] .
